Background: Nocturnal awakening is the most frequent insomnia complaint in the general population. In contrast to a growing knowledge based on adults, little is known about its prevalence, correlated factors, and associations with subjective sleep perception and daytime sleepiness in children. This study was designed to assess the prevalence and the correlate factors of frequent nocturnal awakening (FNA) among Chinese school-aged children. Furthermore, the associations of FNA with subjective sleep perception and daytime sleepiness were examined. Methods: A random sample of 20,505 children aged 5.00 to 11.92 years old (boys: 49.5% vs. girls: 50.5%) participated in a cross-sectional survey, which was conducted in eight cities of China. Parent-administered questionnaires were used to collect information on children's sleep behaviors, sleep perception, and potential influential factors of FNA from six domains. Univariate and multivariate logistic regression models were performed.
Background
Insomnia, as an public health concern, has been an important topic in sleep and psychology research fields. Meanwhile, more attention is being given to nocturnal awakening, one of the most frequent insomnia complaints in the general population [1, 2] . Epidemiological studies suggested that the prevalence of nocturnal awakening, depending on the criteria used, ranged from 9.4%-23.8% in adolescents [3] [4] [5] , 18.0%-35.0% in the general adults, and reached up to 65.0% among older individuals [6] [7] [8] . Accumulating studies demonstrated that the disruption and fragmentation of sleep were associated with a wide range of neurobehavioral and psychological impairments, including poor concentration, excessive daytime sleepiness and chronic fatigue, and predisposition to psychiatric morbidities [2, 7, 9, 10] . Moreover, recent studies further revealed that insomnia may increase the risk of hypertension, cardiovascular symptoms, and type 2 diabetes [11] [12] [13] .
Although the exact etiology and pathophysiology of insomnia are still far from clear, a number of risk factors have been identified to be associated with the development of insomnia, such as age, gender, socio-economic status, sleep hygiene, sleep environment, stressful life events, and psychiatric and medical conditions [1, 2, 6, 7, [12] [13] [14] . In addition, studies both in adults and children found that insomnia symptoms had the phenomenon of familial aggregation [15] [16] [17] . Family history was related to the earlier onset of insomnia symptoms in the probands [15] [16] [17] , which emphasized the family susceptibility of insomnia. Taken together, the interactions and co-existing of genetic factors, biological condition, and environments could play a pivotal role in the intrigue of insomnia symptoms [1, 18] .
Although less well characterized than in adolescents and adults, insomnia symptoms in children are common. The prevalence of nocturnal awakening in school-aged children have been reported to be ranged as 4.0%-13.6% [17, [19] [20] [21] [22] . It was demonstated that childhood insomnia symptom could result in a impairment of daytime functioning not only in child but also in family [5, 17, 20, 23] . A longitudinal study confirmed that approximately 60% of childhood insomnia symptoms, including nocturnal awakening, can enter into early adolescents [19] . Meanwhile, it was demonstrated that the disruption and fragmentation of sleep during childhood and adolescence were independent predictors for a number of risky behaviors, such as substance abuse, impulsive attack, and even delinquency, in later life [5, [24] [25] [26] [27] .
While the importance is becoming quite impressive, childhood insomnia symptoms are critically less well-studied and poorly understood. Therefore, the present epidemiological study was designed to investigate the prevalence of frequent nocturnal awakening (FNA), one of the core symptoms of insomnia, to examine the associations of FNA with multidimensional factors, including sociodemographic characteristics, biological chronic health problems, psychosocial conditions, sleep environments, sleep hygiene, and family history of insomnia, and to assess the impact of FNA on subjective sleep quality/quantity and daytime sleepiness among a large nationally representative sample of school-aged children in Mainland, China.
Methods

Study design and subjects
The recruitment strategy and procedure of the study were described elsewhere [28, 29] . In short, based on a cross-sectional design, 55 elementary schools from eight cities were sampled, using a cluster-stratified selection procedure. Students who were eligible to participate in this study were invited to take a questionnaire on sleep behaviors and personal and family information to their parents, with a cover letter explaining the objectives of the project and instructions on how to complete the questionnaire. Parents were told that the participation in the survey was voluntary and informed consent was signed. Of 23,791 children recruited from six grades of the chosen schools, 22,018 (92.5%) returned completed questionnaires.
To eliminate the possible pubertal influences on the results of our study, children who had entered pubertal development were considered to be excluded. In China, adolescents refer to children aged 12/13 to 17/18 years old [30, 31] . Therefore, 1313 children ≥ 12.00 years were excluded from the sample. In addition, 200 (0.96%) children were excluded from further analyses because of missing information on frequency of awakening during night. The final sample consisted of 20,505 children (49.5% boys vs. 50.5% girls). The mean age was 8.98 years (SD = 1.59 years, ranged from 5.00 to 11.92 years).
The ethical application and consent procedure of this study were approved by the Ministry of Education of the People's Republic of China and Ethics Committee of Shanghai Jiaotong University School of Medicine.
Measures
The Children's Sleep Habits Questionnaire (CSHQ), a parents-administrated questionnaire, was used to assess children's sleep behaviors [32] . The 33 CSHQ items were conceptually grouped into 8 subscales: bedtime resistance, sleep onset delay, irregular sleep duration, sleep anxiety, night awakening, parasomnias, sleep-disordered breathing, and daytime sleepiness [32] . A Chinese version of the CSHQ (as shown in Additional file 1: Table S1 ) was developed by translation and back translation and has been used previously with proven excellent sensitivity and reliability [29] .
In the present study, FNA was defined as: i. Nocturnal awakenings occurred at least two times per night for at least two nights per week; or/and ii. Nocturnal awakenings occurred one time per night for at least two nights per week accompanied with difficulty in resuming sleep (awakening duration ≥ 30minutes).
There were two items ("How often does your child's sleep quality is good?" and "How often does your child's sleep duration is insufficient?") regarding children's subjective sleep quality and sleep quantity in the CSHQ. Based on the response, sleep quality was recode into two categories: good (good sleep ≥ 5 nights per week) and poor (good sleep < 5 nights per week). Similarly, sleep quantity was recode into two categories: sufficient (insufficient sleep < 2 nights per week) and insufficient (insufficient sleep ≥ 2 nights per week).
Daytime sleepiness subscale included eight items related to awakening difficulties and daytime tiredness. The subscale score was calculated with the higher the score, the higher level the sleepiness. Based on the distribution of subscale score, daytime sleepiness was defined as subscale score ≥ 75 th percentile.
The Children's Psychosocial Screening Scale (CPSS, as shown in Additional file 2: Table S2 ) was designed specifically to assess children's psychosocial functioning for this study based on literature review, qualitative research, and a pilot study. The CPSS includes 14 items and the 14 items are conceptually grouped into 3 domains: mental and emotional condition (5 items), peer acceptance and social function (5 items), and parenthood (4 items). For each item of CPSS, the response was assessed on a 5-point Likert scale (1 = rarely, 5 = always). The total score for each domain was then calculated with the higher the score, the better well-being.
The sensitivity and reliability of the CPSS was assessed and proved to be excellent (Cronbach's alpha's for the internal consistency were 0.89 for the overall questionnaire and ranged from 0.88 to 0.91 for subscales; Intraclass correlation coefficients for the test-retest reliability were 0.85 for the overall questionnaire and ranged from 0.60 to 0.88 for subscales).
To analyzing the impact of psychosocial functioning on nocturnal awakening, the each domain score was recode into two categories: "0" for the score ≥ 25 th and "1" for the score < 25 th . In the present study, domain score < 25 th was defined as poor psychosocial functioning.
The twenty-four possible risk factors regarding frequent nocturnal awakening were conceptually grouped into six dimensions: sociodemographic characteristics, biological chronic health problems, psychosocial conditions, sleep environments, sleep hygiene, and family history of insomnia.
Sociodemographic variables: gender, age, ethnicity, family structure (single parent family, large family [the family with family members of grandparents, parents, and child], and nuclear family), parents' educational levels (illiteracy, elementary or middle school, high school, college or university, and above university), and household income (<800, 800-2500, and ≥2500 Renminbi [RMB][yuan]/ person/month).
Biological chronic health problem variables: overweight/ obesity status (yes/no, overweight/obesity was defined by the standardized internationally referenced gender-and age-specific BMI [weight in kg/height in m 2 ] cut-offs) [33] , chronic pain during night (yes/no, with definition of having minor of moderate pain in head, stomach, or limbs during night ≥ 2 nights per week in recent four weeks), ADHD (yes/no, with definition of being ever diagnosed with ADHD by pediatricians), chronic respiratory condition (yes/no, with definition of being ever diagnosed with allergic rhinitis and bronchitis, asthma, or tonsil/adenoidal hypertrophy by pediatricians), and chronic food or drug allergy (yes/no). Psychosocial condition variables: mental and emotional condition (good/poor), peer acceptance and social function (good/poor), and parenthood (good/poor).
Sleep environment variables: sleep arrangements (routine bed-sharing, routine room-sharing, and routine sleeping alone or other; routine bed-and room-sharing was defined as sharing a bed or room with parents/caregivers 5-7 nights per week), bedroom intrusive light during night (yes/no), and bedroom intrusive noise during night (yes/no).
Bedtime hygiene variables: drinks with caffeine use after 6:00pm [(Parents were asked to report on a four-point scale (usually, often, and occasional/no) and then the responses were dichotomized into a binary variable in the final analyses], doing exciting activities (for example, playing outside, playing video/internet games, and watching violent/stimulating television programs) during bedtime [(Parents were asked to report on a four-point scale (usually, often, and occasional/no) and then the responses were dichotomized into a binary variable in the final analyses], bedtime resistance (having trouble settling down or need help getting to sleep, for example, need to listen to music, watch television, take medicine, or need parents/ caregivers in the bed) (yes/no), and irregular bedtime (yes/ no).
Family history of insomnia: grandparents' history of insomnia (yes/no) and parents' history of insomnia (yes/no).
Statistical analysis
Statistical descriptions were made by use of the mean, standard deviation for continuous variables, and percentage for categorical variables.
To identify risk factors regarding FNA, the logistic regression analyses were performed, with "1" for FNA and "0" for non-FNA. Unadjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated using univariate logistic regression (Table 1 ). Adjustments were further made by the multivariate regression models following a four-step procedure. Each model included additional variables to assess increasingly proximate determinants of FNA. Firstly, a simple model (model I) adjusted only for sociodemographic variables (Tables 2 and 3 ). Secondly, variables regarding biological health problems and psychosocial conditions ( Table 2 ) or sleep environments (Table 3) were further included (model II). Thirdly, variables regarding family history of insomnia (Table 2 ) or sleep hygiene (Table 3) were additionally further included (model III). Finally, a full model (model IV) was established by adjusting all factors regarding sociodemographic characteristics, biological and psychosocial factors, and sleep environments, sleep hygiene, and family history simultaneously.
To assess the impact of FNA on subjective sleep quality, subjective sleep quantity, and daytime sleepiness, the multivariate regression models were conducted by a two-step All analyses were performed using the Statistical Package for Social Sciences (SPSS) for Windows, version 13.5 (SPSS Inc, Chicago, IL, USA). In the presentation of the results, the statistical significance was set at P value < 0.05 (two tailed).
Results
Prevalence of FNA
Our survey showed that the prevalence of FNA in our sampled children was 9.8%. Significantly gender difference was found (10.0% for boys vs. 8.9% for girls; χ 2 = 6.19, P = 0.007). In addition, the prevalence of FNA increased with increasing age (χ 2 = 59.97, P < 0.001).
Predisposing factors of FNA by logistical analyses
The unadjusted OR with 95% CI for associatons between FNA and the possible influential actors are demonstrated in Table 1 . It can be seen that, except for ethnicity, sleep arrangements, and food/drug allergy, all other factors were significantly associated with FNA in the univariate regression models.
The associations of sociodemographic factors with FNA are shown in Additional file 3: Table S3 . After controlling for all covariates, four factors (older age, lower family income, and lower level of parents' educational levels) were significantly associated with an increased likelihood of FNA. Meanwhile, large family was a protective factor for FNA (Model IV). The associations between FNA and biological health problems, psychosocial condition, and family history of insomnia are shown in Table 2 . After adjusting only for sociodemographic characteristics, those biological health problems, such as overweight/obesity, chronic pain during night, history of ADHD diagnosis, and chronic respiratory condition, all poor psychosocial condition, and parents' history of insomnia were significantly associated with an increased likelihood of FNA (Model I). After additionally adjusting for the all bio-psychosocial factors and family history of insomnia, seven factors, such as overweight/obesity, chronic pain during night, history of ADHD diagnosis, chronic respiratory condition, poor mental and emotional functioning, poor parenthood, and parents' history of insomnia remained statistically significant (Model III). After controlling for sleep environments and sleep hygiene simultaneously, except for history of ADHD diagnosis and poor parenthood, all other five factors remained to be independent predictors for FNA (Model IV).
The associations between FNA and sleep environments and sleep hygiene are shown in Table 3 . After adjusting only for demographic and socioeconomic characteristics, six factors (bed-sharing, bedroom intrusive light, frequently having drinks with caffeine, frequently doing exciting activities before bedtime, bedtime resistance, and irregular sleep habits) were significantly associated with an increased likelihood of nocturnal awakening (Model I). After additionally controlling for sleep environments and sleep hygiene, four factors remained statistically significant (Model III). After further adjusting for all bio-psychosocial factors and family history of insomnia simultaneously, two factors, frequently doing exciting activities before bedtime and bedtime resistance, remained to be independent related to FNA (Model IV).
The impacts of FNA on subject sleep quality/quantity and daytime sleepiness
After controlling for sociodemographic characteristics, sleep problems (bedtime resistance, irregular sleep habits, sleep anxiety, parasomnia, and sleep disordered breathing), sleep/wake habits, and sleep duration, FNA was found to be an independent risk factor for subjective poor sleep quality (OR:1.24, P < 0.001), subjective insufficient sleep (OR:1.21, P < 0.001), and daytime sleepiness (OR:1.35, P < 0.001) ( 
Discussion
To the best of our knowledge, this was the largest epidemiological study on childhood FNA (n = 20,505). Our findings demonstrated that the prevalence of FNA was 9.8% (10.0% for boys vs. 8.9% for girls) in Chinese schoolage children. Compared to sleep environment and family history, chronic health problems, poor psychosocial condition, and poor sleep hygiene had greater impact on FNA, indicating childhood FNA could be partly prevented by health promotion, by psychological intervention, and by improving the sleep hygiene routine. The findings should have important clinical and preventive implications for childhood sleep health promotion. Based on limited studies, the prevalence of FNA in school-aged children was previously reported to range from 4.0% to 13.6%, depending on different frequency criteria [17, [19] [20] [21] [22] . Our study indicated that 9.8% of Chinese school-aged children have FNA in recent four weeks, which was somewhat higher prevalent than most previously reported [17, [19] [20] [21] . Boys had higher prevalence of FNA among our sampled school-aged children. The possible explanation is that boys, compared to girl, were tended to have poorer sleep hygiene and have more biological health problems, such as overweight/obesity, ADHD, and food/ drug allergy. By contrast, most studies in adolescents and adults demonstrated that females are more vulnerable to insomnia symptoms. [1, 2, 11] A study specifically examined the gender difference in insomnia, indicated that gender difference in insomnia maybe occur only after puberty [4] . In additional, our study found an age-dependent increasing tendency in the prevalence of FNA in our studied age group. The increasing prevalence of insomnia symptoms in this age group has previously been reported and may be explained [17, 19] , or at least partly, by the age-dependent biological and psychosocial development in childhood [20, 21] . More studies are needed to shed light on the gender and age difference in insomnia, which could be valuable in interpreting the bio-psychosocial etiology of insomnia.
To the best of our knowledge, this was the first study to report associated factors regarding FNA from multidimensional perspectives in school-aged children. Our study included twenty-four potential influential factors elicited from six domains: sociodemographic characteristics, biological chronic health problems, psychosocial fitness, sleep environments, bedtime hygiene, and family history of insomnia.
Taking the potential confounding effects into account, the multivariate regression model demonstrated that eleven factors were associated with the FNA in our sampled children. The eleven factors covered six domains: demographic characteristics (older age), family structure and socioeconomic status (lower family income, lower level of parents' educational levels), biological chronic health problems (overweight/obesity, chronic pain during night, and chronic respiratory conditions), psychosocial condition (poor mental and emotional functioning), bedtime hygiene (frequently doing exciting activities before bedtime and bedtime resistance), and family history of insomnia (parents' history of insomnia). Among all these identified factors, six factors from three domains (biological chronic health problems, psychosocial condition, and bedtime hygiene) should be paid more close attention since these factors can be the important targets for clinical or preventive intervention.
Accumulating studies suggested that chronic health problems had negative impact on sleep maintaining [34] [35] [36] . Consistent with these studies, our results demonstrated that chronic pain during night and chronic respiratory conditions, such as allergic rhinitis and bronchitis, asthma, and tonsil/adenoidal hypertrophy, were associated with FNA in school-aged children. In additional, our study demonstrated that overweight/obesity was related to childhood FNA. A very recent study in adults got very similar findings that obesity was an independent risk factor for insomnia and daytime sleepiness [37] . Another study in adults demonstrated that people with nightly nocturnal awakening were easy to become overweight or obese [6] . Taken these findings together, it seems that there is a bidirectional regulation association between sleep and obesity. It has been known that sleep is a major modulator of hormonal release and glucose regulation [38] . Therefore, the association between overweight/obesity and insomnia is an interesting topic and deserve further exploring. Based on a tripartite conceptual framework, which is widely used to explain the development of insomnia, psychological and emotional factors are involved in all stages during the course of insomnia [1, 20] . A longitudinal study specifically observed the course of insomnia and associations with stressful life events, psychological status, and health condition [35] . It was reported that psychological variables can play predisposing role in the onset and development of insomnia [35] . Although the association between psychological functioning and insomnia was well established in adults [1, 2, 7, [9] [10] [11] , litter is known in childhood. Only one study in children aged 6 to 13 years reported that frequent temper outburst was a risk factor for childhood insomnia symptoms. [17] Our study demonstrated that poor mental and emotional fitness was associated with an increased FNA in Chinese school-aged children. The finding provided new information for understanding the relationship between psychological functioning and childhood insomnia.
Bedtime hygiene is usually defined as behavioral practices before bedtime, which have been proved to be associated with sleep latency, sleep quality, and sleep maintaining [39] . There was a general understanding of the importance of good sleep hygiene practice, such as avoiding alcohol, tobacco, and caffeine use before bedtime, following a regular bedtime routine; avoiding bedtime activities that are emotionally activating; and maintaining a stable sleep schedule, for high quality of sleep [40, 41] . Our study supported previous findings that poor sleep hygiene practice (e.g., bedtime struggling behaviors and doing exciting activities before bedtime) were strong predictors for interrupted sleep [40, 41] .
Findings from this study revealed that FNA was an independent risk factor for subjective poor sleep and daytime sleepiness in children, supporting the recognition that poor sleep perception and daytime sleepiness were outcomes frequently encountered by individuals with insomnia symptoms. As well documented, daytime sleepiness was linked to several severe consequences, such as unstable and unreliable alertness and vigilance, poor cognitive capabilities, increased risk of making errors, and an increased risk of accidents [42] [43] [44] [45] [46] . Additional research is needed to elaborate the full spectrum of the psychological, neurobiological, and developmental consequences of childhood insomnia.
There are several limitations that should be considered in interpreting the results. The first limitation is the reliance on parental reported data on children's sleep behaviors without objective confirmation, which may increased the possibility of rater biases and inaccuracy. Secondly, we collected information on children's chronic health problems by parent-reported questionnaire but not clinical measure -a vigorous method, however, unavailable for large samples. Thirdly, although the sensitivity and reliability of the CPSS was assessed and proved to be excellent, the validity was not examined. Finally, although we presented the results from a rich data-set of possible risk factors, other factors may be significantly associated with school-aged children's FNA.
Conclusions
This study provided information on the prevalence of FNA and associated risk factors in Chinese school-aged children. Our findings suggested that FNA was common in school-aged children and associated factors included not only socioeconomic and environmental factors, but also bio-psychosocial and family history. Upon the recognition that FNA has potential severe complications due to increased sleep fragmentation, these findings, although should be further confirmed by prospective studies, had important clinical implication for formulating intervention and treatment schemes. Due to a very large sample recruited from eight cities with geographical and socioeconomic diversity and a good response rate (92.5%), the results of this study entailed extended information for understanding childhood FNA and the correlates.
